Key Summary Points {#d30e301}
==================

**Why carry out this study?**Combination therapy with a targeted disease-modifying antirheumatic drug (DMARD) and a conventional synthetic DMARD (csDMARD) is recommended in clinical guidelines for patients with rheumatoid arthritis (RA) who fail to respond to csDMARDs alone.Tumor necrosis factor inhibitors (TNFi) are the routinely administered class of targeted DMARDs, following csDMARD failure. Patients experiencing inefficacy or intolerance with their first TNFi can then cycle to another TNFi or switch to another targeted DMARD with a different mode of action (MOA).The aim of this study was to examine prescribing patterns and reasons for current RA treatment practices in Europe (France, Germany, Italy, Spain, and the UK) and Japan, given the limited information available in the literature beyond the data for the United States.**What was learned from the study?**The findings from this analysis suggest that physician treatment decision-making is informed by the available RA treatment guidelines, but also based on clinical judgement to prescribe optimized and individualized treatments for their patients.Although treatment guidelines recommend the use of csDMARDs in combination with targeted therapy options, at least one-third of patients were administered TNFi at first line without concomitant csDMARDs. Further research is warranted to understand physicians' reasoning behind this clinical behavior.Furthermore, almost half the number of physicians chose to cycle to another TNFi rather than switch patients to a targeted therapy with a different MOA, despite the recognized benefits of MOA switching. Further research in this field is also warranted to better understand the reasons behind these treatment patterns, and the consequences to patient outcomes thereof.

Introduction {#Sec1}
============

Around 1% of the worldwide population is affected by rheumatoid arthritis (RA) \[[@CR1]\], which is a chronic inflammatory disease characterized by joint pain, inflammation, stiffness and swelling, and destruction of articular structures \[[@CR2]\].

Rheumatologists are equipped with multiple treatment options for the management of patients with RA, but the backbone of RA management is conventional synthetic disease-modifying antirheumatic drugs (csDMARDs), especially methotrexate \[[@CR3]\]. However, many patients have an inadequate response to or are intolerant of csDMARDs. For such patients, guidelines recommend the addition of either a biologic DMARD (bDMARD) or a targeted synthetic DMARD (tsDMARD) \[[@CR3]\], which target specific molecules or molecular structures (targeted therapy). Typically, the first-choice targeted therapy is a tumor necrosis factor inhibitor (TNFi) \[[@CR4]\].

Patients with RA who continue to experience disease symptoms fail to achieve disease remission or low disease activity \[[@CR5]\], ultimately progress through different courses of treatment, either cycling to the same type of targeted therapy or switching to a targeted therapy with a different mode of action (MOA switching). Currently, limited data are available outside the US on targeted therapy prescribing patterns of rheumatologists and the reasons behind prescribing.

Our study aimed to obtain data on the prescribing patterns and reasons for current RA treatment practice in Europe and Japan.

Ethics Approval {#Sec2}
---------------

The research was granted permission by the centralized Freiburger Ethik-Kommission (FEKI). FEKI code 017/1168. ID number: 175296617. Informed consent was required for both physicians and patients to take part in the study.

Methods {#Sec3}
=======

Data Source {#Sec4}
-----------

Data were extracted from the Adelphi Real World RA Disease Specific Programme™ (DSP) collected in Q1 and Q2 2017. DSPs are large, cross-sectional, point-in-time surveys conducted to provide observations of real-world clinical practice for many common chronic diseases. They collect data from key sources of information such as physician interviews, physician workload questionnaires, Patient Record Forms (PRF), and patient questionnaires \[[@CR6], [@CR7]\]. The DSP methodology has been validated \[[@CR6]--[@CR8]\] and adapted as appropriate for market variations over 11 waves of the program (i.e., since information was first collected). The Adelphi Real World RA DSP is a cross-sectional, single-point-in-time survey of qualified rheumatologists and their adult patients with RA in France, Germany, Italy, Spain, and the UK (EU5), and rheumatologists and orthopedists in Japan. Physicians were identified by publicly available lists and, a geographically diverse sample of physicians were recruited by field-based interviewers and were compensated according to fair market research rates.

Survey {#Sec5}
------

Physicians completed surveys about their weekly workload and PRF for the next ten consecutive eligible RA patients they saw in their clinic (based on inclusion criteria below).

The PRF contained detailed questions on patient demographics, current treatment, reasons for targeted therapy choice, and general patient management (e.g., frequency of consultation with the treating and other physicians). To classify patient's disease severity, physicians were asked: "What was your overall assessment of the severity of RA in this patient based on your own definitions of the terms mild, moderate and severe immediately prior to initiation of the current treatment?". To determine if patients were at the maximum csDMARD dose physicians were asked: "Was the maximum recommended dose of the csDMARD reached before initiating the targeted therapy -- yes, no, or don't know?". It is important to note that the maximum dose of csDMARDs differs across countries (e.g., in Europe the maximum dose of methotrexate is 25 mg/week; however, in Japan the maximum dose of methotrexate is 16 mg/week). To determine if patients discontinued their csDMARD upon initiation of targeted therapy, physicians were asked: "Was the csDMARD discontinued upon initiation of targeted therapy -- yes, no or don't know?".

All responses captured on the PRFs were anonymized. All participating physicians and patients were assigned a study number to allow linkage of data during the processing stage.

Inclusion and Exclusion Criteria {#Sec6}
--------------------------------

### Patients {#Sec7}

Patients were included in this study if they were ≥ 18 years old with a diagnosis of RA (no requirement to perform any diagnostic test or assessments), had a complete RA targeted therapy history, not currently involved in a clinical trial, and were visiting a participating physician.

### Physicians {#Sec8}

In EU5 and Japan, physicians who were seeing ≥10 patients or ≥5 patients, respectively, with RA per month were included.

Analysis Definitions {#Sec9}
--------------------

Patients with complete RA targeted therapy (bDMARD or tsDMARD) history were analyzed in this study.

### First- and Second-Line Targeted Therapy {#Sec10}

Patients were grouped based on the first-line targeted therapy that they received, either a TNFi (etanercept, adalimumab, infliximab, certolizumab pegol, golimumab) or non-TNFi (abatacept, rituximab, anakinra, and tocilizumab) or tofacitinib (Japan only, as tofacitinib was approved but not available in Europe at the time of data collection). Second-line therapy was defined as a targeted therapy (TNFi, non-TNFi or tofacitinib) that was prescribed to patients following first-line targeted therapy failure as either monotherapy or combination therapy.

### Monotherapy and Combination Therapy {#Sec11}

Monotherapy was defined as a prescription for a targeted therapy without a concomitant prescription for a csDMARD. Combination therapy was defined as a prescription for a targeted therapy with a concomitant prescription for any csDMARD (e.g., methotrexate, leflunomide).

### TNFi Cycling and MOA Switching {#Sec12}

TNFi cycling was defined as a prescription for a TNFi as both first- and second-line targeted therapy. MOA switching was defined as a prescription for a TNFi as first-line targeted therapy and a non-TNFi as second-line targeted therapy. For the TNFi cycling analysis, patients were excluded if they initiated treatment prior to June 2006, this was to allow availability of non-TNFi into the market (which were first introduced and widely available across the world in 2006).

Statistical Analysis {#Sec13}
--------------------

Numerical variables were analyzed using mean, standard deviation (SD), median, and minimum and maximum values, and categorical variables were analyzed by frequency and percentage of patients falling into each category. Univariate analysis compared the patient groups based on physician responses about treatment and patient characteristics. When there were two comparison groups, Mann--Whitney tests were used for numeric variables, and Fisher's exact tests were used for binary categorical variables. When there were ≥ 3 comparison groups, Kruskal--Wallis tests were used for numeric variables, and Chi-squared tests were used for categorical variables with more than two groups. Survival estimates for time to discontinuation of first-line targeted therapy were calculated using the Kaplan--Meier method. Differences between first-line targeted therapy class were assessed using log-rank tests. Where statistical tests were performed, *P*values \< 0.05 were considered statistically significant. All analyses were performed by Adelphi Real World using Stata 15.0 or later (StataCorp, Stat Statistical Software: Release 15. College Station, TX: StataCorp LP).

Results {#Sec14}
=======

First-Line Monotherapy or Combination Therapy Targeted Treatment Use {#Sec15}
--------------------------------------------------------------------

In EU5, the overall DSP sample included 3088 patients from 301 rheumatologists. Of these, the first targeted therapy after 2006 could be identified for 1741 patients who were included in this study, and 76.0% of patients were prescribed combination therapy (Table [1](#Tab1){ref-type="table"} and Supplementary Fig. 1A). In Japan, the overall DSP sample included 347 patients from 42 physicians (11 rheumatologists, 31 orthopedists). Of these, the first targeted therapy could be identified for 147 patients who were included in this study and 77.6% of patients were prescribed combination therapy (Table [1](#Tab1){ref-type="table"} and Supplementary Fig. 1B). Patient demographics and characteristics for monotherapy and combination patients are shown in Table [1](#Tab1){ref-type="table"}.Table 1Patient demographics and characteristics of patients receiving first-line targeted therapy as monotherapy versus combination therapy in EU5 and JapanCharacteristicEU5JapanOverall (*N* = 1741)Monotherapy (*n* = 418)Combination therapy (*n* = 1323)*P*valueOverall (*n* = 147)Monotherapy (*n* = 33)Combination therapy (*n* = 114)*P*valueFemale, *n* (%)1208 (69.4)256 (61.2)952 (72.0)\< 0.0001109 (74.1)25 (75.8)84 (73.7)1.0000Ethnicity, *n* (%)0.2105 White/Caucasian1570 (90.2)392 (93.8)1178 (89.0)------ Japanese------147 (100.0)33 (100.0)114 (100.0)1.0000Treatment class at first-line,*n* (%)\< 0.00010.0326  Non-TNFi335 (19.2)139 (33.3)196 (14.8)46 (31.3)16 (48.5)30 (26.3)  TNFi1406 (80.8)279 (66.7)1127 (85.2)95 (64.6)15 (45.5)80 (70.2)  Oral tofacinitib------6 (4.1)2 (6.1)4 (3.5)Number of csDMARDs before first-line therapy, mean (SD)*n* = 1540*n* = 217*n* = 13230.0005*n* = 129*n* = 15*n* = 1140.98011.8 (0.9)1.6 (0.8)1.8 (0.9)1.3 (0.8)1.3 (1.0)1.3 (0.8)Therapies received immediately prior to first-line therapy,*n* (%)*n* = 1666*n* = 343*n* = 1323*n* = 140*n* = 26*n* = 114 csDMARDs1411 (84.7)178 (51.9)1233 (93.2)\< 0.0001110 (78.6)8 (30.8)102 (89.5)\< 0.0001 NSAID711 (42.7)138 (40.2)573 (43.3)0.327161 (43.6)11 (42.3)50 (43.9)1.0000 Oral steroid (continuous use)600 (36.0)80 (23.3)520 (39.3)\< 0.000145 (32.1)8 (30.8)37 (32.5)1.0000 Analgesic426 (25.6)50 (14.6)376 (28.4)\< 0.00016 (4.3)2 (7.7)4 (3.5)0.3089 Oral steroid (intermittent use)359 (21.5)55 (16.0)304 (23.0)0.005111 (7.9)1 (3.8)10 (8.8)0.6893 COX-2 inhibitor181 (10.9)39 (11.4)142 (10.7)0.770239 (27.9)7 (26.9)32 (28.1)1.0000 None of the above50 (3.0)28 (8.2)22 (1.7)\< 0.00017 (5.0)6 (23.1)1 (0.9)0.0001csDMARD received prior to first-line therapy,*n* (%)*n* = 1411*n* = 178*n* = 1233*n* = 110*n* = 8*n* = 102 Methotrexate1291 (91.5)143 (80.3)1148 (93.1)\< 0.000196 (87.3)6 (75.0)90 (88.2)0.2691 Hydroxychloroquine278 (19.7)15 (8.4)263 (21.3)\< 0.00012 (1.8)0 (0.0)2 (2.0)1.0000 Sulfasalazine254 (18.0)31 (17.4)223 (18.1)0.916923 (20.9)4 (50.0)19 (18.6)0.0578 Leflunomide251 (17.8)33 (18.5)218 (17.7)0.75402 (1.8)0 (0.0)2 (2.0)1.0000 Azathioprine22 (1.6)5 (2.8)17 (1.4)0.18382 (1.8)0 (0.0)2 (2.0)1.0000Other csDMARD20 (1.4)5 (2.8)15 (1.2)0.096514 (12.7)0 (0.0)14 (13.7)0.5927Reached maximum csDMARD dose before first-line targeted therapy,*n* (%)*n* = 1281*n* = 150*n* = 11310.0002*n* = 105*n* = 8*n* = 971.0000942 (73.5)91 (60.7)851 (75.2)48 (45.7)4 (50.0)44 (45.4)Discontinued csDMARD upon initiation of first-line therapy,*n* (%)*n* = 1369*n* = 161*n* = 1208\< 0.0001*n* = 106*n* = 8*n* = 980.0012378 (27.6)150 (93.2)228 (18.9)23 (21.7)6 (75.0)17 (17.3)*csDMARDs* conventional synthetic disease-modifying antirheumatic drugs, *NSAID* non-steroidal anti-inflammatory drugs, *SD* standard deviation, *TNFi* tumor necrosis factor inhibitor

In both EU5 and Japan, csDMARDs were the most common therapy received immediately prior to first-line targeted therapy (84.7% and 78.6%, respectively) and this was most commonly methotrexate (91.5% and 87.3%, respectively). NSAIDs were the second most common therapy received immediately prior to first-line targeted therapy (42.7% and 43.6%, respectively). In EU5, a smaller proportion of monotherapy patients were prescribed methotrexate or hydroxychloroquine immediately prior to targeted therapy compared with combination therapy patients (both *P* \< 0.05; Table [1](#Tab1){ref-type="table"}). Other therapies received immediately prior to first-line targeted therapy included nonsteroidal anti-inflammatory drugs (NSAIDs), oral steroids, analgesics, and COX-2 inhibitors (Table [1](#Tab1){ref-type="table"}).

In EU5, 73.5% of patients reached the maximum csDMARD dose as reported by their physician before initiating first-line targeted therapy, with a greater proportion of combination therapy patients reaching the maximum dose before first-line targeted therapy than monotherapy patients (*P* \< 0.05). While in Japan, 45.7% of patients reached the maximum csDMARD dose before first-line targeted therapy and this was similar between the monotherapy and combination therapy groups (Table [1](#Tab1){ref-type="table"}).

Median time to discontinuation of first-line targeted therapy was significantly different between patients receiving first-line monotherapy versus combination therapy in EU5 (*P* \< 0.001) but not in Japan (*P* = 0.25) (Fig. [1](#Fig1){ref-type="fig"}a, b).Fig. 1Kaplan--Meier survival estimates for time to discontinuation of first-line targeted therapy for **a** monotherapy versus combination therapy in EU5; **b** Monotherapy versus combination therapy in Japan; **c** TNFi versus non-TNFi in EU5; **d** TNFi versus non-TNFi in Japan

Targeted Therapy at First-Line {#Sec16}
------------------------------

At initiation of first-line targeted therapy, 1406 (80.8%) patients in EU5 were prescribed a TNFi and 335 (19.2%) were prescribed a non-TNFi. No patients were prescribed tsDMARD in EU5 as the only available product, tofacitinib, while approved, was not available at the time of data collection (Table [2](#Tab2){ref-type="table"} and Supplementary Fig. 1A). In Japan, 95 patients (64.6%) were prescribed a TNFi as first-line targeted therapy, 46 (31.3%) were prescribed a non-TNFi, and six were prescribed a tsDMARD (4.1%) (Table [2](#Tab2){ref-type="table"} and Supplementary Fig. 1B). Patient demographics and characteristics for all patients are shown in Table [2](#Tab2){ref-type="table"}.Table 2Patient demographics and characteristics of patients from EU5 receiving non-TNFi versus TNFi and Japan receiving non-TNFi, TNFi or oral tofacitinib as first-line targeted therapyCharacteristicEU5JapanOverall (*N* = 1741)TNFi (*n* = 1406)Non-TNFi (*n* = 335)*P* valueOverall (*N* = 147)TNFi (*n* = 95)Non-TNFi (*n* = 46)Oral tofacitinib (*n* = 6)*P* valueFemale, *n* (%)1208 (69.4)969 (68.9)239 (71.3)0.4287109 (74.1)69 (72.6)36 (78.3)4 (66.7)0.7064Ethnicity, *n* (%)0.9943  White/Caucasian1570 (90.2)1269 (90.3)301 (89.9)---------- Japanese--------147 (100.0)95 (100.00)46 (100.00)6 (100.0)1.0000First-line therapy, *n* (%) Etanercept591 (33.9)591 (42.0)0 (0.0)27 (18.4)27 (28.4)0 (0.0)0 (0.0) Adalimumab409 (23.5)409 (29.1)0 (0.0)18 (12.2)18 (18.9)0 (0.0)0 (0.0) Infliximab196 (11.3)196 (13.9)0 (0.0)28 (19.0)28 (29.5)0 (0.0)0 (0.0) Certolizumab pegol120 (6.9)120 (8.5)0 (0.0)2 (1.4)2 (2.1)0 (0.0)0 (0.0) Golimumab90 (5.2)90 (6.4)0 (0.0)20 (13.6)20 (21.1)0 (0.0)0 (0.0) Abatacept83 (4.8)0 (0.0)83 (24.8)13 (8.8)0 (0.0)13 (28.3)0 (0.0) Rituximab55 (3.2)0 (0.0)55 (16.4)-------- Tocilizumab192 (11.0)0 (0.0)192 (57.3)33 (22.4)0 (0.0)33 (71.7)0 (0.0) Anakinra5 (0.3)0 (0.0)5 (1.5)-------- Tofacitinib------6 (4.1)0 (0.0)0 (0.0)6 (100.0)Disease severity at initiation of first-line therapy, *n* (%)*n* = 1720*n* = 1387*n* = 3330.0021*n* = 146*n* = 94*n* = 46*n* = 60.2771 Mild104 (6.0)71 (5.1)33 (9.9)28 (19.2)15 (16.0)11 (23.9)2 (33.3) Moderate831 (48.3)667 (48.1)164 (49.2)91 (62.3)59 (62.8)30 (65.2)2 (33.3) Severe785 (45.6)649 (46.8)136 (40.8)27 (18.5)20 (21.3)5 (10.9)2 (33.3)Duration between diagnosis and first-line targeted therapy, months, mean (SD)*n* = 1450*n* = 1149*n* = 3010.1392*n* = 122*n* = 79*n* = 38*n* = 50.310648.9 (76.8)47.1 (75.9)55.6 (79.9)46.8 (71.3)53.4 (76.4)32.2 (54.6)53.4 (98.0)Number of csDMARDs before first-line therapy, mean (SD)*n* = 1540*n* = 1268*n* = 2720.1033*n* = 129*n* = 86*n* = 39*n* = 40.63041.8 (0.9)1.8 (0.9)1.7 (0.9)1.3 (0.8)1.4 (0.9)1.3 (0.8)1.0 (0.0)Therapies received immediately prior to first-line therapy,*n* (%)*n* = 1666*n* = 1347*n* = 319*n* = 140*n* = 91*n* = 44*n* = 5 csDMARDs1411 (84.7)1177 (87.4)234 (73.4)\< 0.0001110 (78.6)80 (87.9)26 (59.1)4 (80.0)0.0007 NSAID711 (42.7)573 (42.5)138 (43.3)0.850361 (43.6)41 (45.1)18 (40.9)2 (40.0)0.8895 Oral steroid (continuous use)600 (36.0)489 (36.3)111 (34.8)0.650045 (32.1)33 (36.3)12 (27.3)0 (0.0)0.1690 Analgesic426 (25.6)351 (26.1)75 (23.5)0.39176 (4.3)4 (4.4)2 (4.5)0 (0.0)0.8897 Oral steroid (intermittent use)359 (21.5)305 (22.6)54 (16.9)0.027911 (7.9)7 (7.7)4 (9.1)0 (0.0)0.7702 COX-2 inhibitor181 (10.9)145 (10.8)36 (11.3)0.764839 (27.9)29 (31.9)10 (22.7)0 (0.0)0.1984None of the above50 (3.0)40 (3.0)10 (3.1)0.85577 (5.0)3 (3.3)3 (6.8)1 (20.0)0.1988csDMARD received prior to first-line therapy, *n* (%)*n* = 1411*n* = 1177*n* = 234*n* = 110*n* = 80*n* = 26*n* = 4 Methotrexate1291 (91.5)1082 (91.9)209 (89.3)0.199496 (87.3)75 (93.8)18 (69.2)3 (75.0)0.0037 Hydroxychloroquine278 (19.7)250 (21.2)28 (12.0)0.00082 (1.8)1 (1.3)1 (3.8)0 (0.0)0.6644 Sulfasalazine254 (18.0)216 (18.4)38 (16.2)0.514323 (20.9)17 (21.3)5 (19.2)1 (25.0)0.9558 Leflunomide251 (17.8)204 (17.3)47 (20.1)0.30502 (1.8)1 (1.3)1 (3.8)0 (0.0)0.6644 Azathioprine22 (1.6)20 (1.7)2 (0.9)0.56142 (1.8)2 (2.5)0 (0.0)0 (0.0)0.6825 Other csDMARD20 (1.4)17 (1.4)3 (1.3)1.000014 (12.7)7 (8.8)7 (26.9)0 (0.0)0.0400Reached maximum csDMARD dose before first-line targeted therapy, *n* (%)*n* = 1281*n* = 1063*n* = 2180.0031*n* = 105*n* = 77*n* = 24*n* = 40.0212942 (73.5)800 (75.3)142 (65.1)48 (45.7)30 (39.0)14 (58.3)4 (100.0)Discontinued csDMARD upon initiation of first-line therapy, *n* (%)*n* = 1369*n* = 1141*n* = 2280.0073*n* = 106*n* = 78*n* = 24*n* = 40.0713378 (27.6)298 (26.1)80 (35.1)23 (21.7)14 (17.9)9 (37.5)0 (0.0)*csDMARDs* conventional synthetic disease-modifying antirheumatic drugs, *NSAID* non-steroidal anti-inflammatory drugs, *TNFi* tumor necrosis factor inhibitor

In EU5, 48.3% of patients had physician-reported moderate disease and 45.6% had severe disease at initiation of first-line targeted therapy, while in Japan, 62.3% of patients had physician-reported moderate disease and 18.5% had severe disease. Disease severity was different between patients initiating a non-TNFi versus a TNFi (*P* \< 0.05) in EU5 but was not different between the treatment groups in Japan (Table [2](#Tab2){ref-type="table"}).

In EU5 and Japan, csDMARDs were the most commonly used therapy immediately prior to first-line targeted therapy followed by NSAIDs (treatments are not mutually exclusive and could be used in combination or as monotherapy, data not collected). The most commonly prescribed first-line targeted therapy was etanercept in EU5 (33.9%), and tocilizumab in Japan (22.4%; Table [2](#Tab2){ref-type="table"}). Physicians' reasons for targeted therapy choice were known for 1322 patients in EU5 and 119 patients in Japan. In EU5 and Japan, physician reasoning that varied significantly between non-TNFi and TNFi use is presented in Supplementary Table [1](#Tab1){ref-type="table"}. The top three reasons physicians in EU5 (*n* = 1322) gave for prescribing each specific type of first-line targeted therapy were 'strong overall efficacy' (75.3%), 'inhibition of disease progression' (46.4%), and 'good overall safety profile' (40.0%). In Japan (*n* = 119), the top three reasons were 'strong overall efficacy' (77.3%), 'fast onset of action' (53.8%), and 'inhibition of disease progression' (55.5%) (Fig. [2](#Fig2){ref-type="fig"}a, b).Fig. 2Top 10 reasons for physicians choosing the current therapy as a first-line targeted therapy in **a** EU5 and; **b** Japan. *QoL* quality of life, *TNFi* tumor necrosis factor inhibitor

Median time to discontinuation of first-line targeted therapy was significantly different between the treatment classes received in EU5 (*P* = 0.0002) but was not significantly different in Japan (*P* = 0.3991) (Fig. [1](#Fig1){ref-type="fig"}c, d).

TNFi Cycling Versus MOA Switching at Second-Line Targeted Therapy {#Sec17}
-----------------------------------------------------------------

In EU5, 418 patients progressed to second-line targeted therapy and of these, 38 patients received monotherapy. After excluding patients who initiated therapy prior to 2006, 365 patients who received TNFi as first-line targeted therapy progressed to second-line targeted therapy; 47.9% were TNFi cyclers and 52.1% were MOA switchers (Table [3](#Tab3){ref-type="table"} and Supplementary Fig. 1A). In Japan, 22 patients who received TNFi as first-line targeted therapy progressed to second-line targeted therapy; 45.5% were TNFi cyclers and 54.5% were MOA switchers (Table [3](#Tab3){ref-type="table"} and Supplementary Fig. 1A). Due to the small number of patients (*n* = 22), results from Japan are not described in detail but are summarized in Table [3](#Tab3){ref-type="table"}. Patient demographics and characteristics are also shown in Table [3](#Tab3){ref-type="table"}.Table 3Patient demographics and characteristics of patients TNFi cycling or MOA switching at second-line targeted therapy in EU5 and JapanCharacteristicEU5JapanOverall (*N* = 365)TNFi cycling (*n* = 175)MOA switching (*n* = 190)*P*valueOverall (*n* = 22)TNFi cycling (*n* = 10)MOA switching (*n* = 12)*P*valueFemale, *n* (%)277 (75.9)125 (71.4)152 (80.0)0.066118 (81.8)7 (70.0)11 (91.7)0.2932Ethnicity, *n* (%)0.3350 White/Caucasian330 (90.4)162 (92.6)168 (88.4)-------- Japanese--------22 (100.0)10 (100.0)12 (100.0)1.0000Physician using a treat-to-target approach with this patient, *n* (%)*n* = 365*n* = 175*n* = 1900.0596*n* = 22*n* = 10*n* = 120.4545181 (49.6)96 (54.9)85 (44.7)21 (95.5)9 (90.0)12 (100.0)Duration on first-line therapy, years, mean (SD)*n* = 365*n* = 175*n* = 1900.0716*n* = 22*n* = 10*n* = 120.79132.0 (2.2)2.2 (2.4)1.7 (1.9)1.5 (1.4)1.5 (1.4)1.5 (1.4)Duration on first-line therapy, *n* (%)*n* = 365*n* = 175*n* = 1900.1396*n* = 22*n* = 10*n* = 120.7847 \< 6 months74 (20.3)34 (19.4)40 (21.1)5 (22.7)3 (30.0)2 (16.7) 6 -- \< 12 months75 (20.5)27 (15.4)48 (25.3)4 (18.2)1 (10.0)3 (25.0) 12 -- \< 24 months76 (20.8)42 (24.0)34 (17.9)6 (27.3)3 (30.0)3 (25.0) 24+ months140 (38.4)72 (41.1)68 (35.8)7 (31.8)3 (30.0)4 (33.3)Duration from diagnosis to second-line therapy initiation, years, mean (SD)*n* = 272*n* = 128*n* = 1440.0350*n* = 18*n* = 7*n* = 110.31897.4 (7.6)8.1 (7.2)6.8 (7.9)7.1 (8.2)4.6 (4.7)8.7 (9.7)Age at initiation of second-line therapy, mean (SD)*n* = 287*n* = 136*n* = 1510.6879*n* = 19*n* = 7*n* = 120.735252.4 (12.9)52.1 (13.0)52.7 (12.9)57.0 (17.3)59.7 (15.4)55.4 (18.8)Severity at initiation of second-line, *n* (%)*n* = 361*n* = 172*n* = 1890.0073*n* = 21*n* = 9*n* = 120.2714 Mild38 (10.5)31 (18.0)7 (3.7)3 (14.3)2 (22.2)1 (8.3) Moderate180 (49.9)79 (45.9)101 (53.4)11 (52.4)5 (55.6)6 (50.0) Severe143 (39.6)62 (36.0)81 (42.9)7 (33.3)2 (22.2)5 (41.7)Therapy at second-line, *n* (%)\< 0.00010.0002 Etanercept61 (16.7)61 (34.9)0 (0.0)4 (18.2)4 (40.0)0 (0.0) Adalimumab54 (14.8)54 (30.9)0 (0.0)1 (4.5)1 (10.0)0 (0.0) Infliximab26 (7.1)26 (14.9)0 (0.0)------ Certolizumab pegol18 (4.9)18 (10.3)0 (0.0)------ Golimumab16 (4.4)16 (9.1)0 (0.0)5 (22.7)5 (50.0)0 (0.0) Abatacept46 (12.6)0 (0.0)46 (24.2)2 (9.1)0 (0.0)2 (16.7) Rituximab67 (18.4)0 (0.0)67 (35.3)------ Tocilizumab72 (19.7)0 (0.0)72 (37.9)10 (45.5)0 (0.0)10 (83.3) Anakinra5 (1.4)0 (0.0)5 (2.6)------*MOA* mode of action, *SD* standard deviation, *TNFi* tumor necrosis factor inhibitor

Time from diagnosis to second-line targeted therapy initiation was 7.4 (7.6) years for patients in EU5; TNFi cycling patients had a longer time from diagnosis to second-line targeted therapy initiation than MOA switchers (*P* = 0.04).

In EU5, at initiation of second-line targeted therapy, physician-reported disease severity was significantly worse in MOA switching patients than TNFi cycling patients (*P* \< 0.05; Table [3](#Tab3){ref-type="table"}). Almost half of patients in EU5 had moderate RA when second-line targeted therapy was initiated (49.9%; Table [3](#Tab3){ref-type="table"}). Among TNFi cycling patients, the most frequently prescribed targeted therapy in EU5 was etanercept (34.9%), while tocilizumab was the most frequently prescribed targeted therapy among MOA switchers (37.9%; Table [3](#Tab3){ref-type="table"}).

Physicians' reasons for moving patients from their first-line to their second-line targeted therapy were known for 316 patients in EU5, and the top reason given was 'secondary lack of efficacy' (46.2%; Fig. [3](#Fig3){ref-type="fig"}a). In EU5, physician reasoning that varied significantly between TNFi cycling and MOA switching patients were: 'worsening condition', 'patient required a targeted therapy with a different MOA', 'formulary driven switch' (Fig. [3](#Fig3){ref-type="fig"}a), and 'comorbidities' (*P* \< 0.05; data not shown). Physician reasoning data for patients in Japan are not described due to the small number of patients in this analysis (*n* = 13) but are presented in Fig. [3](#Fig3){ref-type="fig"}b.Fig. 3Top reasons physicians gave for switching therapy following initial first-line targeted therapy in **a** EU5 and; **b** Japan. *MOA* mode of action, *TNFi* tumor necrosis factor inhibitor

Discussion {#Sec18}
==========

With the number of treatment options increasing for patients with RA, there is a growing need to understand prescribing patterns and behaviors to help optimize treatment outcomes. As limited data are available outside the US on targeted therapy behaviors that influence prescribing patterns, the current study surveyed rheumatologists and orthopedists to provide a subjective perspective across EU5 and Japan.

Based on results from clinical studies \[[@CR9]\], treatment guidelines recommend that moderate-to-severe RA patients who have inadequate disease control or fail to respond to csDMARD monotherapy, could potentially initiate a targeted therapy combined with a csDMARD \[[@CR3]\]. The results of this current study suggest that physicians are largely acting in alignment with current treatment guidelines and available data, as more than three quarters of patients in EU5 and Japan were prescribed combination therapy. Our results are slightly higher than those previously observed in other countries, including the US, where studies have demonstrated that 55--75% of RA patients utilized combination therapy \[[@CR10]--[@CR14]\]. Monotherapy use in around one-quarter of patients in the current study could be related to patient belief regarding the safety of some csDMARDs, such as methotrexate, which would lead to non-adherence and reluctance to use csDMARDs \[[@CR15]\]. It should be noted though that targeted monotherapy use may be underestimated in the current study due to the prevalence of patient non-adherence to combination therapy, which was not investigated. It should be noted that although most physicians largely act in alignment with the current treatment guidelines, in the current study around half (51%) of first-line monotherapy patients from EU5 utilized a csDMARD prior to initiating first-line targeted therapy. This could have been due to csDMARD intolerance, and as the European label states that etanercept is acceptable as monotherapy in patients who do not tolerate methotrexate, it may explain why etanercept was prescribed more commonly (33.9% prescribed at first-line) \[[@CR16]\]. It is also interesting to note that the number of patients who reached the maximum csDMARD dose before initiating first-line targeted therapy was higher in EU5 than Japan (73.5 vs. 45.7%). In Europe, treatment guidelines recommend a methotrexate dosage up to 25 mg/week \[[@CR3]\], while in Japan, methotrexate is approved at a dosage of 16 mg/week; however, more than half of Japanese patients with RA are unable to tolerate a dose of 16 mg/week \[[@CR17]\]. The maximum dose of csDMARDs that is approved/can be tolerated by patients in EU5 and Japan may be explained by body weight and body mass index, which are considerably lower in Japanese patients than in patients from EU5 \[[@CR18], [@CR19]\].

The current study also found that many patients in EU5 and Japan were prescribed a TNFi as first-line targeted therapy (80.8% and 64.6%, respectively). Although the European guidelines do not specifically state that a TNFi should be used as a first-line targeted therapy, typically the first-choice targeted therapy is a TNFi \[[@CR4]\]. Examining prescription behaviors in RA treatment revealed that Japanese physicians were more likely to prescribe tocilizumab as the first-line targeted therapy (22%), while physicians in EU5 did not prescribe tocilizumab to the same extent (11%). The higher prescription rates for tocilizumab may be because it was developed in Japan and was the first interleukin-6 receptor inhibitor approved for RA treatment in Japan \[[@CR20]\]. Previous studies have suggested that tocilizumab may be more cost-effective than other bDMARDs including adalimumab and etanercept \[[@CR21], [@CR22]\], while in a 5-year study, tocilizumab monotherapy demonstrated sustained long-term efficacy \[[@CR23]\], which may also explain why physicians in Japan favored tocilizumab as the first-line therapy. It may also be possible that the differences observed in treatment patterns could be due to differences in healthcare across the world that may be more notable between EU5 and Japan. It is also interesting to note that in the current study, 5--10% of patients in the EU5 that were prescribed a targeted therapy had characteristics of mild RA, despite European labeling for targeted therapies recommending use in patients with moderate-to-severe RA. Physicians classified a patient's disease severity in the current study based on their own definitions of the terms mild, moderate, and severe, and not on common scores such as disease activity score at 28 joints (DAS-28); therefore, it may have been possible that a patient classified as mild would have actually been moderate or severe based on validated measures.

Following first-line targeted therapy failure, patients generally fall into one of two groups, TNFi cyclers or MOA switchers \[[@CR4]\]. The current study found that in EU5 and Japan, just over half of patients were MOA switchers. These results differ from earlier studies conducted in the US and the UK alone between 2005 and 2013, which revealed that more patients in clinical practice cycle between TNFi rather than switch to a targeted therapy with a different MOA \[[@CR24]--[@CR26]\]. Nonetheless, despite multiple studies demonstrating the benefits of switching to a targeted therapy with a different MOA, including higher treatment persistence \[[@CR27]--[@CR29]\], a greater reduction in disease activity \[[@CR29], [@CR30]\], lower RA-related drug and medical care costs \[[@CR28]\], decreased likelihood of failure \[[@CR31]\], and increased likelihood of physical function improvement \[[@CR25], [@CR32], [@CR33]\] higher rates of TNFi cycling were observed. Although guidelines and multiple studies have suggested the switch to a targeted therapy with a different MOA following first-line targeted therapy failure, it is not compulsory, and the trends observed in the current study including a high rate of TNFi cycling may be dependent on factors such as primary versus secondary failure to TNFi or anti-drug-antibodies. This study is potentially the first to investigate physician rationale around prescribing targeted therapy in EU5 and Japan. A previous study conducted with US physicians examined treatment patterns for a similar set of RA therapies and found that the variability may be explained by patient and physician preference, physician experience and specialty, and medication cost \[[@CR34]\]. The top reasons these US physicians gave for prescribing each specific type of first-line targeted therapy were similar between the European and Japanese physicians. In EU5, these were strong overall efficacy, inhibition of disease progression, and overall good safety profile, and in Japan, these were strong overall efficacy, fast onset of action, and inhibition of disease progression. These results confirm that efficacy and disease control are two of the most important factors physicians consider when prescribing treatment for moderate-to-severe RA. Other retrospective cohort studies have examined the reasons for MOA switching or discontinuing targeted therapy have found that lack of efficacy and adverse events were the main reasons physicians gave for changing treatment \[[@CR35]\]. In this current study, the top reason physicians gave for switching following initial first-line targeted therapy in EU5 and Japan was secondary lack of efficacy. It is important to note that patient reasoning for targeted therapy decisions was not examined in the current study. As the healthcare system now favors increased patient participation during the treatment decision-making process and due to the large number of targeted therapy options available for patients with RA \[[@CR36]\], it may be interesting to determine how patient reasoning fits into targeted therapy decisions in future studies.

Strength and Limitations {#Sec19}
------------------------

The strengths of this study include recruitment of a geographically diverse sample of physicians and patients across EU5 and Japan, capturing patients from physician practices, and standardized data collection tools. However, it is important to note some limitations of the current study. Firstly, physicians were asked to provide data for a consecutive series of patients to avoid selection bias, but no formal patient selection verification procedures were in place. Secondly, while the identification of the target patient group was based on judgment of the responding physician and not a formalized diagnostic checklist, it was representative of the real-world classification of the patient. Furthermore, classification of disease activity/disease severity of RA patients was not based on DAS-28 and could therefore be subjective and variable. Also, the diagnosis of RA is subjective and depends on the individual rheumatologist, which is another limitation of the study, as the number of patients with RA could have been under- or over-estimated. It should also be noted that inclusion of orthopedists in Japan is a limitation of the physician sample. Additionally, the percentage of patients utilizing monotherapy may be underestimated due to potential nonadherence of the csDMARD, which was not examined in the study. Finally, the small number of patients receiving tofacitinib in Japan should be noted, as this could affect interpretation of the results.

Conclusions {#Sec20}
===========

Most patients in the current study were prescribed combination therapy and most received a TNFi at first-line. The main reason physicians gave for changing targeted therapy was secondary lack of efficacy. Despite the demonstrated benefits associated with MOA switching, almost half of patients were cycled to another TNFi. These results suggest that physicians in EU5 and Japan generally follow treatment guidelines but prescribe how they choose, providing optimized and individualized treatments for their patients.
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